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Dry battery having a cathode with additives 
DESCRIPTION 

Technical Field 

The present invention relates to a dry battery having 
a cathode with additives, and more particularly, to a dry 
battery of the primary alkaline' type. 

Background of the Invention 

It is known to use anatase, an allotropic form 
of titanium dioxide, . as an additive to the manganese 
dioxide commonly used in the cathode of primary and 
secondary dry alkaline . batteries in order to obtain a 
longer service life, in uses with high current consumption, 
such as, for example, in flash ' cameras and for powering 
toys. -Such a use of anatase is, for example, cited in US 
. Patent -5,342,712, ' wherein, for the formation of the 
cathodic mixture, anatase., manganese dioxide and graphite 
are ..mixed. Such a mixture is compacted into ' the form of 
small cylinders perforated in the centre so they can be 
superposed in a suitable number " in a small iron tube in 
order to form a battery and, for completion of the' latter, 
further phases follow according to a known process. 

Such a battery with anatase as cathodic . additive - 
permits, in uses with ■■ high. " current consumption, an 
increase in service life which can be as. much as 15% as 
compared with an analogous .battery without additive. On 
the other hand, in uses with low current consumption, . the 
service life of the battery with additive is diminished, 
again by up to 15%. ■ This behaviour makes the batteries 
provided with an additive in this way particularly 
suitable for supplying a. photographic flash bulb, and in 
general wherever high intensity-discharges are required, 
guaranteeing in such cases a longer service life compared 
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with conventional- batteries. 

For -a given battery volume,, the quantity of 
anatase used will diminish the quantity of manganese 
dioxide or of active material of the cathode;, in the cited 
document , " the advantage found is attributed to a higher 
ion mobility during the discharge, which" .higher mobility 
would have been caused by the presence of the anatase. It" 
is nevertheless clear that such an effect, cannot be 
enhanced beyond a certain limit by increasing the quantity 
of anatase/ because beyond such a- limit the. negative 
effect of the reduction of the quantity of manganese, 
dioxide, which constitutes the active part of the cathode, 
prevails. For this reason, the maximum quantity of anatase 
used in practice is 5%. 

Objects and Summary of the Invention ^ 

The object of the present invention is a ' further 
improvement in the performance of a battery- with an 
additive, which gives higher efficiency per unit volume 
relative to anatase. Rutile, another allotropic form of 
-titanium . oxide, which" has a density . 10% higher than that 
of. anatase, has been identified as such an. additive. It 
..has been proved that the use of rutile as additive in a 
dry battery is, under certain conditions, more, effective 
than anatase in increasing the discharge duration, of. a 
battery at higher voltages. Moreover, rutile has a higher 
density than anatase and therefore, ;if added to the- 
mixture for forming the cathode in an equal percentage 
quantity by weight (as compared with anatase), allows . the 
use in the 'same total volume of the cathodic mass of a 
greater quantity of manganese dioxide, with the advantage 
of permitting a. longer discharge duration at all voltages, 
as', compared with that of a battery with anatase as 
additive. 

Brief Description of the Drawings 
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..The invention will be better understood -by 
following the description and the attached drawing which 
refers to properties useful in .the evaluation .■ of the 
xnventxve content ; of the invention . m the drawing- 
Figures l to 9 show graphs- of the discharge of batteries 
with additives, respectively, of anatase. and rutile in 
comparison with each other and with batteries without 
additives. 

Detailed Description 

For the comparison of the efficiency of the 
addxtives, tests under various discharge conditions were 
carrxed out, both intermittently and continuously and with 
loads of various magnitude (expressed by the electrical 
resxstance in ohm) . The results of these" tests are 
reported, below; for these tests, batteries . comprising a - 
zxnc anode, an anodic gel containing caustic potash, a 
corrosion inhibitor without addition . of mercury and a 
cathode, containing a depolarizing mixture based on 
manganese dioxide and . graphite were prepared. For all the 
■batteries,. the same constructional criterion was used and 
the same common - components were utilized, in " order to 
guarantee the utmost uniformity in. - the batteries 
themselves which were produced from a single batch of 
common material. The. test was- carried out with a uniform 
criterion, with respect also to the ageing. of the 
batteries, namely the time elapsed from the formation of 
each battery and the .test itself. -.; ' : 

, . For the batteries with additives, the quantity 
of addxtxve is indicated- in terms of per cent by weight 
relatxveto the -mixture which makes up the cathode before 
the addxtion of the alkaline part. 

in the figures, along the ordinate axis,' the 
discharges of batteries without additive are marked l the 
discharges of batteries with !% of anatase additive are 
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marked 2 and the discharges of batteries with 1% of rutile . 
additive" are marked 3. On the abscissa, the durations are 
indicated by the number of cycles, for the tests with 
intermittent discharges of - short duration (of the order of 
a few seconds) or by hours, of effective discharge for the 
tests with intermittent discharges . of longer duration (of 
the order of an hour) or continuous discharge. For each 
test, the result assumed is , . respectively,, the number of 
complete discharge cycles or the number of hours of 
effective discharge elapsed until the potential of the 
battery has fallen to the value E.P. (end point) shown on 
each figure, in accordance with the standard IEC.86/1. For 
each type of battery, the right-hand border of the hatched 
area represents in the figures the average of the values 
obtained with further successive tests. 

Figure 2 refers to tests of intermittent 
discharge with repetition of cycles. of 15 
second-discharges every minute with a load of 1.8 ohm. 
Under such discharge conditions, the batteries with 
additives all have a longer service life . than the 
batteries without additive. In particular, this advantage 
is ■ greatest for the rutile, a service life 22% greater 
than- for batteries without . additive and 10% greater 
relative to batteries with anatase additive having been 
obtained. 

Figures 4 to 6 give the results of intermittent 
discharge tests of one hour on each. consecutive day. Under 
these conditions, the use of the additives was shown to. 
have no advantages" at loads of 10 and 4 0 ohm (Figures 5 
and. 6) but' to be advantageous at lower loads. ■ For example, 
at a load of 3.9 ohm (Figure 4)/ the', batteries with 
anatase showed a service life 21% higher than those 
without additives,' the batteries with rutile giving a 
slightly less advantageous result with terminal 0.9V. 

In Figures 1, 3 and 7 to 9., results of tests 
- with continuous discharges are reported. Under these 
conditions, the batteries with- additives show an advantage 
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of about 22% at a load of 1.5 ohm (Figure 1), with equal 
performances by rutile and anatase, an advantage of 26% 
for batteries with rutile and 18% for batteries with. 
. anatase at a load of 3 . 9 ohm (Figure 3) and of about 24% 
for both the additives at 6.8 ohm- (Figure 9), whereas the 
penod is virtually the same for all the types of battery 
at loads greater than 10 ohm. 

The tests illustrated above, although they 
confirm the general effectiveness of the titanium oxide 
additives in increasing the discharge duration at low 
loads - and therefore at high current consumptions - 
showed that, in particular for uses with flash in cameras, 
where short discharges of high current intensity with high 
voltages are required (Figure 2) , the rutile at equal 
content in per cent by weight shows a consistent advantage 
-over anatase, which advantage is reduced down to vanishing 
pomt and becomes negative in the applications where the 
consumption is low and where the admissible end voltage 
falls to below 0.9V. - ■ ■ .' 

Under the conditions of continuous discharge 
the batteries with rutile proved to have a service life 
longer than. or equal to that of the batteries with anatase 
(and thus longer than that of the batteries without 
additives) for discharges up to 6.8 ohm (Figures 1, 3 and 
7) . 

Moreover/ since the density of rutile is about 
10% higher than that of anatase, these advantages can be 
further enhanced because, with the same quantity of 
manganese dioxide, it is possible to use, in the' same 
volume of battery, either a larger quantity of additive or 
-a larger quantity of manganese dioxide, or a combination 
of both .these measures. 

The drawing - is only intended .to show an 
embodiment, given solely as a . demonstration of the 
invention in practice, and this invention . can vary in 
forms and arrangements without otherwise departing from 
the scope of the concept forming the invention itself. 
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Where reference' numbers are given in the attached claims, 
they are intended to . facilitate reading of the claims with 
reference to the "description and to the drawing/- without 
limiting the scope . of the protection represented by the 
claims . - 
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CLAIMS 



1. . Dry. battery of. the primary alkaline , type, 
including: a zinc ' anode, an anodic gel - containing an 
alkaline compound; and a' cathode containing a depolarizing 
mixture based on manganese dioxide and graphite, 

' characterized in that said .mixture contains rutile, an 
allotropic f oria. of titanium dioxide. . 

2. Battery according, to Claim 1, characterized , in 
that the rutile is present in said mixture in a percentage 
quantity of between 0.1 and 5%. ■ 

3. :. ^ Battery according, to Claim 2, characterized in 
that said percentage quantity is 1%. 

.4. Battery- according to, one or more of the 

preceding claims, characterized in- that said, anode 
contains corrosion inhibitors, and/ or a mercury amalgam. 
5, Battery according to one or more.' of the 

preceding claims, characterized in that said alkaline 
compound is caustic potash or magnesium hydroxide or the ' 
like.. • r ■ . . ■ 

6 \ Dry battery and . manufacturing process therefor, 

all as described above. ' 
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